Introduction
group twisted around the respective N-C bond (see fig. 2 ). During the last ten years it was discovered that
The TICT state formation of I seems to be numerous para-substituted aromatic molecules of the type D-Ar-A (where D/A represent an electron donor/ acceptor group and Ar an aromatic -!~-~-~r ing system) undergo relaxation in the excited singlet state to a highly polar state, preferentially in fluid polar solvents, and the emission occurs (b) 'EL from two different excited states. Numerous at-
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tempts were published in order to explain the
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experimental results [1] [2] [3] [4] [5] [6] .However, the twisted ________ intramolecular charge transfer (TICT) state for-(4kb mation hypothesis [7] seems to be better founded than the other proposals to explain this behaviour (see fig. 1 ).
______-
The aim of our studies is to investigate whether The linear correlation of the TICT fluorescence 7~c~o maxima with the difference of the oxidation potential of the donor and the reduction potential 8 c~NOa of the acceptor group was found for a series of EVA) molecules emitting TICT fluorescence [8] . 1 
3V/SCE
The energy of the TICT fluorescence may be estimated as [8] bringing the opposite charges to the fixed distance. The entropy term is expected to be roughly constant within the considered series of p-derivatives of N,N-dimethylarnline and was neglected of I and III in n-propanol are characterized by N,N-2,6-tetramethyl-4-nitroaniline (III) was strong phosphorescence and weak fluorescence in synthesized as described earlier [19] .
contrast to II, which emits strong fluorescence and p-nitro-3,5-N,N'-tetramethylaniline (IV) was weak phosphorescence. These results suggest that prepared via 3,5,N,N'-tetrarnethylaniline [TMA] k1~for p-N,N-dimethylnitroaniline and its deby the following nitration procedure: 1.5 g of rivatives strongly depends on the relative positions TMA was dissolved in 20 ml of concentrated of the singlet and triplet states. Indeed, the first sulphuric acid and 1.3 g of NaNO2 was added at absorption-band of II is red shifted by 1000 cm' t = 0°C. After 2 h stirring at room temperature with respect to I and III. Kasha and Rawls [24a] the solution was cooled and neutralized by NH3. discovered that the quantum yields of phosphoresThe residue after filtration was crystallized from cence of aromatic amines depend on the twist benzene.
angle of the NMe2 group. This mechanism can I, II, III and IV were purified by sublimation, also play a role here; thrre is, however, no experin-propanol (Merck, for fluorescence) was used mental evidence indicating the deviation from without further purification. Luminescence meaplanarity in the case of p-nitro-N,N-dimethylsurements were done with the Jasny-type spectroaniline. For IV no detectable luminescence is obfluorimeter [20] .
served. The standard INDO/S method [21] 
was used
The difference between fluorescence and phosfor calculations of transition energies (E), oscillaphorescence excitation spectra of I ( fig. 4 ) was tor strengths (f), dipole moments (is) and elecfirst observed by McGlynn [24b] and ascribed to a tron charge distribution. All singly excited configvery efficient intersyste~ncrossing from~2 cornurations lying below 10 eV were taken into account peting with internal conversion (IC) to S~. Rein the CI procedure. The following values were cently, the nature of the excitation-dependent used in the input geometries:~(phenyl ring) = luminescence of I was elamined by Wild and his 1.4 A, <CCC = 120°, rcN(phenyl carbon-amino students [25] . Their results indicate that the nitrogen) = 1.37 A, rNC(amino nitrogen-methyl anomalous luminescence behaviour of I can be carbon) = 1.5 A, r~~(phenyl carbon-nitro nitroexplained not only in terms of k1~dependence gen) = 1.4 A, rNo = 1.25 A, rc~(phenyl on Aexc but may also be due to the subtle difcarbon-acetyl carbon) =1.47 A, r~0 = 1.2 A, ference in the molecular environment and/or r~~(acetyl group) = 1.47 A, rNO(nitroso group) = presence of different ground state conformers. The difference between fluorescence and phosphoresquantum yield of I-Ill on temperature is shown cence excitation spectra was observed also for in fig. 5 . aniline and dimethylaniline [26, 27] .
It was established for many para-substituted dimethylanilines in fluid n-propanol, that the pro-
Room and intermediate temperature
cess of TICT state formation at 293 K is much faster than the other depopulation channels Room temperature luminescence of I-Ill in [28] [29] [30] and the barriers of the excited state reacn-propanol is undetectable in the range of 13500 tions (E 3) are 1000-1200 cm t (table 2) . cm1 -25 000 cm~. When lowering the tempera-
The comparison of the E 1 values (table 2) with ture the fluorescence bands of 1-111 appear. The the known activation energies of viscous flow (1320 relatively small Stokes shift, weakly dependent on cm 1 for n-propanol [28] ) suggests that the TICT temperature, indicates that the fluorescence formation kinetics of p-cyano and carbonyl deoriginates from the primarily excited species (b*).
rivatives of N-,N-dimethylaniline in n-propanol is The dependence of the relative fluorescence viscosity-controlled. The height of the barrier evaluated from the temperature dependence of Table 2 ln(~/~Jo) for I in n-propanol (600 cm') is evi-T!~ebarriers (E 1) and rate constants of TICT state formation (k) at room temperature for some derivatives of dimethyldently less than in the molecules emitting dual aniline in n-propanol fluorescence (table 2) . The lack of TICT fluorescence in I may be
caused by:
(1) fast nonradiative process S1 -* S~,other than Me 1000 R 40
TICT state formation,~N-<('CnN [28] (2) intense nonradiative process TICT -' S.0, (2) Photorotamerisation of excited I to a TICT -2 state should reveal stronger temperature depenib~dence of ln(ij/~0)than in the case of II where the reaction is excluded ( fig. 5 ). The opposite effect is does not relax to the TICT state (3). for different values of the twist angle of these groups. A comparison of the observed and calculated absorption spectra of I-IV is given in fig. 6 . son with the data published before [31] .
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substituents (the same as for p-dimethylamino- 68---5x102 TICT emission has been observed mostly in polar solvents, the possibility of energetic stabilisation due to solvation must be taken into account [30] . the planar one. In consequence, the TICT formaThe calculations gave the same values (within tion is highly improbable. ±10%,depending on geometry) of dipole moIn summary, INDO/S calculations indicate that ments in planar and twisted conformers. Thus, the I after excitation in fluid polar solvents cannot role of solvent stabilisation does not seem to be relax to the TICT stage generated by the rotation important for inversion of these states.
of neither the N(CH, )2 nor NO2 group. This For the conformer with the NO2 group perresult is consistent with the suggestion of Cowley pendicular to the ring the lowest calculated n -~IT * and Peoples [38] that for strong acceptors, nitrotransition has some admixture of the charge transbenzene or s-triazine, the TICT emission cannot fer configuration ( fig. 8) . Consequently, the dipole be observed. moment of the state is higher (~s = 8. by INDO/S method (geometry A). Table 5 The results of INDO/S calculations for I and V for various angles of twisting of the dimethylamino group with respect to the phenyl ring, c 1 the contribution of the "i" configuration to the wavefunction of the 'La state. J and K are Coulomb and exchange integrals.
The 2K value for the planar molecule is equal to the singlet-triplet separation, for the TICT state K should be zero [7] Twist In both molecules, the 'La state is very well the dimethylanüno group in the two molecules described by a single configuration corresponding (figs. 8, 10) . The reason for this may be found to the promotion of an electron from the highest upon inspection of the factors contributing to the occupied to the lowest unoccupied orbital (figs. transition energy. For a single configuration corre-11, 12). Upon twisting of the dimethylamino group, sponding to the electron jump from an orbital "i" the orbital energy difference evolves similarly in to an orbital "k" this value is given by: both molecules. It is the opposite behaviour of the Grabowski for helpful discussions and critical
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